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History of uranium alloy selection in Fast Burst Reactors
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Unalloyed uranium has three allotropes
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Thermal cycling in unalloyed uranium results in
permanent plastic deformation
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Anisotropy of thermal expansion in alpha uranium
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Thermal “ratcheting”
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Figure 11.12.  Polished section of high-purity coarse-grained uranium specimen before
cyeling (from L. T. Lrovp et al.?, by courtesy of American Society for Metals)
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Figure 11.13.  Specimen illustrated in Figure 11.12 after cycling from room temperature
to 500°C (from L. T. LLoYD et al.?, by courtesy of American Society for Metals)
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Mo alloying additions can decrease effects of thermal

cycling
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U-10Mo provides for a very meta-stable phase

ranium

Phase
(therm
equilib

Diagram

odynamic

rium diagram)
L

1135°C

- 776°C

€0"283a

e
¢ 0
B
<7z
|
0
=) Z
JUF 0
-t
! 2703282 002
0
o
ook )
-
oL,
» 0,3

4278 @
» Los Alamos

NATIONAL LABORATORY

EST.1943

(absence of
martensite)

TEMPERATURE, °C

600

580 °C

14

500

400

ST TRANSFORMATION
OF METAS y g

3000.

UNCLASSIFIED

/

Time-Temperature

Transformation Diagram

(kinetics diagram)

Operated by Los Alamos National Security, LLC for NNSA

LA-UR-16-21556




Mo additions influence time to transform
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U-1.5Mo is very different from U-10Mo
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Low Mo alloys are not able to retain high temperature
phase(s) upon quenching
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A Martensite (strained orthorhombic, a’) is the metastable phase

D Orthorhomibic (a) plus U,Mo (g) are equilibrium phases
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U-Mo alloy development at LANL in early 1950’s
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Precipitation hardening of U-1.67Mo
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Summary of historical fast burst reactor metallurgy:
Influence of uranium microstructure on performance
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Design considerations for a burst reactor

= High fissile atom density m Jools for the
(favors metals, low- metallurgist
composition alloys) . Alloying

= Oxidation resistance » Mechanical working

= “Strong” (high yield point) e Heat treatment

= “Tough” (some ductility)
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How would one hypothetically design a Pu burst reactor?
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Stress-strain data for U, U-Mo, Pu
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Temperature

U-Mo and Pu-Mo phase diagrams
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Pu-Al phase diagram

Weight Percenl Aluminum
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Temperature °C

Pu-Hf and Pu-Sc phase diagrams

Weight Percent Plutonium

Weight Percent Scandium
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Pu-U phase diagram

Weight Percent Uranium
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Pu-U phase diagram

Weight Percent Uranium
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Summary

=  U-Mo systems have demonstrated superior performance in fast burst
reactor applications

s Godiva U (U-1.5Mo) has proven especially robust

m Far less data exists for Pu systems
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Strength variation with alloy content and temperature
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Postulated TTT diagram for U-1.67 Mo
Y

550°C

500°C 14 > a + U,Mo

450°C ——— g

400°C
Martensite o |
0.01 1, 102 10 Time (min)
Slide 25
» Los Alamos .

NATIONAL LABORATORY CS@INCLASSIFIE
OperatedEts);t:s Alamos National Security, LLC for NNSA T YA f oy
LA-UR-16-21556 1N A'A =4



Strength variation with alloy content and temperature
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